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,QWURGXFWLRQ

7KHG\QDPLFJURZWKRIGDWDDFTXLVLWLRQDQGWUDQVPLVVLRQV\VWHPVSURYLGHGDJUHDWRSSRUWXQLW\WRPHDVXUHPDQ\
SK\VLFDO YDULDEOHV LQ RUGHU WRPRQLWRU WHFKQRORJLFDO SURFHVVHV DVZHOO DV WKH FRQGLWLRQRIPDFKLQHV GXULQJ WKHLU
RSHUDWLRQRQOLQH7KLV LVHVSHFLDOO\ LPSRUWDQW LQXQGHUJURXQGPLQHVZKHUH WKHQDWXUDOKD]DUG OHYHO LV UDWKHUKLJK
DQGHQYLURQPHQWDOFRQGLWLRQVDUHRIWHQGLIILFXOWIRUPLQHUV8VLQJ6&$'$V\VWHPVWRDFTXLUHLPSRUWDQWSDUDPHWHUV
RQHPLJKWH[WUDFWLQIRUPDWLRQDERXWSURFHVVHIILFLHQF\DVZHOODVPDFKLQHFRQGLWLRQ+RZHYHUPRQLWRULQJV\VWHPV
DUH RIWHQ WRR PXFK IRFXVHG RQ DFTXLVLWLRQ DQG YLVXDOL]DWLRQ RI UDZ GDWD ,Q SUDFWLFDO DSSOLFDWLRQ LQ LQGXVWU\
HVSHFLDOO\LQPLQLQJDFTXLUHGGDWDDUHGLIILFXOWWRLQWHUSUHWGXHWRH[WHUQDOGLVWXUEDQFHVQRLVHPLVVLQJYDOXHVHWF
DQG WKH FRPSOH[LW\ RI PRQLWRUHG SURFHVVHVV\VWHPV ,Q WKLV SDSHU D SURFHGXUH IRU SURFHVVLQJ DQG DQDO\VLV RI
PXOWLGLPHQVLRQDO WHPSHUDWXUHGDWD LVSUHVHQWHG$GDWDDFTXLVLWLRQ V\VWHPKDVEHHQ LQWURGXFHG WR WKHQHWZRUNRI
EHOWFRQYH\RUVVHH)LJZLWKPDQ\PRQLWRUHGFRPSRQHQWVHOHFWULFPRWRUVJHDUER[HVSXOOH\VHWF±VHH)LJ
'XHWRWKHODUJHQXPEHURIPRQLWRUHGREMHFWVWKHUHLVDQHHGWRXVHDXWRPDWLFGHFLVLRQPDNLQJDQGUHSRUWLQJWRROV
7KHQXPEHURIFKDQQHOVIRUHDFKFRQYH\RUGHSHQGVRQLWVGHVLJQ'HSHQGLQJRQWKHORFDWLRQRIWKHEHOWFRQYH\RU
LWV³FROG´ WHPSHUDWXUH QRRSHUDWLRQPLJKWEHGLIIHUHQWDQG LV VHULRXVO\ UHODWHG WR ORFDOFRQGLWLRQVDQG WKHJLYHQ
PLQLQJ DUHD¶V YHQWLODWLRQ HIILFLHQF\ &RQYH\RUV GR QRW RSHUDWH FRQWLQXRXVO\ GXH WR WKH XVHGPLQLQJ WHFKQRORJ\
URRPDQGSLOODUZLWKEODVWLQJ,WPHDQVWKDWHYHU\GD\WKHUHLVDGRZQWLPHRUZRUNZLWKRXWH[WHUQDOORDGVRFDOOHG
LGOH JHDU UHODWHG WR IRU H[DPSOH EODVWLQJ SURFHGXUH RU HYHQ WHFKQRORJLFDO RU PDLQWHQDQFH LVVXHV 0RUHRYHU
6XQGD\LVIUHHGD\IRUPLQHUVDQGFRQYH\RUVGRQRWRSHUDWHDWDOOXQOHVVUHSDLUSURFHGXUHVDUHDSSOLHG6XFKHYHQWV
FDXVH D VLJQLILFDQW FKDQJH RI WHPSHUDWXUH WKDW FDQ EH HDVLO\ YLVLEOH RQ WHPSHUDWXUH SORWV 8QIRUWXQDWHO\ WKHVH
IOXFWXDWLRQVLQORQJWHUPSHUVSHFWLYHPDNHGLDJQRVLVYHU\GLIILFXOW$VLWZDVH[SHFWHGWKHUHLVDQHHGWRYDOLGDWH
WKHVLJQDODQGUHPRYHVRPHRXWOLHUVIURPWKHUDZGDWD
7KH SXUSRVH RI WKLV SDSHU LV WR SURSRVH D SURFHGXUH IRU WKH SUHSURFHVVLQJ DQG WUDQVIRUPDWLRQ RI GDWD WR
DFTXLVLWLRQ VLPSOH LQIRUPDWLRQ DERXW WKH YDULDWLRQ RI WHPSHUDWXUH WKDW LV UHODWHG WR FKDQJLQJ FRQGLWLRQV LQ WKH
PDFKLQHDQGLWLVQRWDIIHFWHGE\RSHUDWLRQDOIDFWRUV,GHDOO\WKHH[SHFWHGUHVXOWVKRXOGEHDPRQRWRQLFIXQFWLRQRI
WLPHZLWKFOHDUEUHDNSRLQWVUHODWHGWRDQ\FKDQJHRIFRQGLWLRQRIWKHPDFKLQH


)LJ6WUXFWXUHRIEHOWFRQYH\RUQHWZRUNLQ2=*3RONRZLFH6LHURV]RZLFHXQGHUJURXQGPLQH
7KHGDWDDFTXLVLWLRQV\VWHP,QSXWGDWDGHVFULSWLRQ
7KHGDWDDFTXLVLWLRQV\VWHPXVHGLQWKHPLQHLVDFRPPHUFLDOPXOWLFKDQQHOORZIUHTXHQF\GDWDORJJHUZRUNLQJ
LQ FRQWLQXRXVO\7R DYRLG DPDVVLYH DPRXQWRIGDWD HVSHFLDOO\ IRU UHDOO\ ORZ IUHTXHQF\SURFHVVHV WKH VDPSOLQJ
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SURFHGXUHIRUDSK\VLFDOYDULDEOH LVQRWSHUIRUPHGFRQVWDQWO\7KHV\VWHPVWRUHV WKHYDOXHRIDYDULDEOHRQO\ LI LW
GLIIHUVIURPWKHSUHYLRXVYDOXHPRUHWKDQDSULRULDVVXPHGWKUHVKROG


)LJ/RFDOL]DWLRQRIWHPSHUDWXUHVHQVRUPRXQWHGRQFRQYH\RUJHDUER[
6XFKDVROXWLRQVLJQLILFDQWO\UHGXFHV WKHDPRXQWRIGDWDEXW OHDGV WRPXFKWURXEOHIURPWKHVLJQDOSURFHVVLQJ
SHUVSHFWLYH)LUVWHDFKFKDQQHOPLJKWKDYHDGLIIHUHQWQXPEHURIVDPSOHVIRUWKHVDPHSHULRGRIWLPH6DPSOHVDUH
QRQXQLIRUPO\ GLVWULEXWHG RYHU WLPH DQG WKH\ DUH QRW V\QFKURQL]HG ZLWK RWKHU FKDQQHOV VR HYHQ D VLPSOH
FRPSDULVRQEHWZHHQFKDQQHOVLVGLIILFXOW'XHWRWKHYDULDEOHVDPSOLQJSHULRGVXFKDVLJQDOFDQQRWEHFRQVLGHUHGDV
DWLPHVHULHVDQGKDVWREHSUHSURFHVVHGILUVW)LJXUHSUHVHQWVH[DPSOHVRIFKDQQHOVRIWHPSHUDWXUHGDWDIURP
JHDUER[HV7KHDQDO\]HGSHULRGFRYHUVRQHPRQWK2QHPLJKWQRWLFHVHFWLRQVUHODWHGWRZHHNVRIRSHUDWLRQ2Q
6XQGD\V ZKHQ PDFKLQHV DUH QRW LQ RSHUDWLRQ WHPSHUDWXUH GURSV VLJQLILFDQWO\ WR DPELHQW WHPSHUDWXUH LQ
XQGHUJURXQGFRUULGRUV'XULQJWKHZHHNWKHUHLVF\FOLFEHKDYLRURIWHPSHUDWXUHWKDWQHHGVWREHLQYHVWLJDWHG,QWKH
VLJQDO VHYHUDO VDPSOHV VHHP WR EH LQFRUUHFW WHPSHUDWXUH LV QHJDWLYH DQG WKHUHIRUH IDU H[FHHGV WKH SRVVLEOH
WHPSHUDWXUHDQDO\]HGLQ WKHXQGHUJURXQGPLQHZKLFKYDULHVIURP&WR&)URP)LJSUHVHQWDWLRQRI
UDZGDWDLWLVH[WUHPHO\GLIILFXOWWRFRQFOXGHDERXWDQ\FKDQJHRIFRQGLWLRQ+RZHYHUVLPSOHYLVXDOL]DWLRQRIDOO
FKDQQHOV RQ RQH SORW DOORZV QRWLFLQJ WKDW RQH RI FKDQQHOV SORWWHG LQ UHG LQ VHFRQG VHFWLRQ ± IURP  WR
VHULRXVO\FKDQJHGDQGLWVWHPSHUDWXUHVDUHKLJKHU6HFWLRQRIWKHFKDUWSUHVHQWVDVLPLODU
FKDQJHDOVRIRUDQRWKHUFKDQQHOSORWWHGLQEOXHEXWLVPRUHGLIILFXOWWRQRWLFH
2QHPLJKW FRQFOXGH WKDW WKHUH LV D VHULRXVQHHG WR³FOHDQ´ WKHGDWD VHJPHQW WKH VLJQDO UHPRYHREVHUYDWLRQV
DFTXLUHGRQ6XQGD\±QRRSHUDWLRQGXULQJWKDWWLPHDQGVRPHKRZWUDQVIRUPWKHGDWDWRREWDLQDQHZUHSUHVHQWDWLRQ
ZLWK FOHDU GLDJQRVWLF PHDQLQJ PRQRWRQLF IXQFWLRQ WKDW GHSHQGV RQ FKDQJH RI FRQGLWLRQ QRW RQ RSHUDWLQJ RU
DPELHQWWHPSHUDWXUH

)LJ([DPSOHRIDFTXLUHGGDWD±WHPSHUDWXUHV
7HPSHUDWXUH
VHQVRU
75
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
)LJ&RPSDULVRQRIDOOFKDQQHOVJHDUER[HV
$QDXWRPDWLFSURFHGXUHIRUPGVLJQDOSURFHVVLQJ
$VLWZDVPHQWLRQHG6&$'$V\VWHPVDUHRIWHQXVHGWRPRQLWRUVRPHSK\VLFDOYDULDEOHVZLWKVLPSOHFRPSDULVRQ
ZLWKWKUHVKROGVWRSURYLGHZDUQLQJRUDODUPPHVVDJHVIRU WKHPDLQWHQDQFHVWDII8QIRUWXQDWHO\ LQKDUVKDQGWLPH
YDU\LQJFRQGLWLRQVWKHUHLVDQHHGWRSXWVRPHHIIRUWVWRSUHSDUHGDWDIRUIXUWKHUSURFHVVLQJ,QQH[WVXEVHFWLRQVZH
ZLOOSURYLGHDEULHIVWDWHRIWKHDUWKRZLWZRUNVLQRWKHU±QRWQHFHVVDULO\PLQLQJDSSOLFDWLRQVDQGVRPHFUXFLDO
VWHSVZLOOEHSRLQWHGRXW
2.1. Brief state of the art 
$PRQJ RWKHU LQGXVWULDO DSSOLFDWLRQV D PDUNHW RI JUHHQ HQHUJ\ LV UDSLGO\ JURZLQJ QRZDGD\V DQG QXPEHU RI
FRQGLWLRQPRQLWRULQJV\VWHPVLQVWDOOHGRQZLQGWXUELQHVLVLPSUHVVLYH&RQVHTXHQWO\QXPEHURISDSHUVFRQVLGHULQJ
GDWDDQDO\VLVIRUZLQGWXUELQHPRQLWRULQJV\VWHPVLVODUJH>@,QGHHGLWLVZRUWK\WRDQDO\VHWKLVILHOGIRUVHYHUDO
UHDVRQV7KHUH LV D VHULRXV DQDORJ\EHWZHHQZLQG WXUELQHV DQGPLQLQJPDFKLQHV GXH WR YDULDELOLW\ RI ORDGVSHHG
FRQGLWLRQV LQIOXHQFH RI HQYLURQPHQWDO IDFWRUV QXPEHU RI REMHFW WKDW QHHGPDLQWHQDQFH LQ VLQJOHZLQG IDUP HWF
$QDO\VLVRIZLQGWXUELQHVGDWDSUHVHQWHGLQ>@FRQILUPWKDWYDOLGDWLRQSUHSURFHVVLQJWUDQVIRUPDWLRQRIUDZGDWD
LVUHTXLUHGLQLQGXVWULDODSSOLFDWLRQVDQGIXOO\FRQYHUJHWRFKDOOHQJHVUHODWHGWRPLQLQJPDFKLQHV
6HDUFKLQJ IRU GLUHFW PLQLQJ LQGXVWU\ DSSOLFDWLRQ RI 6&$'$ V\VWHPV DQG GDWD SURFHVVLQJ DFTXLUHG WKDQNV WR
LQVWDOOHGV\VWHPVPLJKWSURYLGHDOVRLQWHUHVWLQJSDSHUVZLWKH[DFWO\WKHVDPHSUREOHPVDVPHQWLRQHGDERYH,QIDFW
LWPLJKWEHUHODWHGWRGLIIHUHQWPLQLQJPDFKLQHVDQGVWUXFWXUHV/+'PDFKLQHV ORQJZDOOV\VWHPVFRQYH\RUVHWF
>@)URP WKLVSDSHU¶VSHUVSHFWLYHHVSHFLDOO\ LQWHUHVWLQJDSSOLFDWLRQV UHIHU WRFRQYH\RUDVZKROH V\VWHPRU LWV
FRPSRQHQWVEHOWVGULYHLGOHUVEHDULQJVJHDUER[HV,WPLJKWEHVXUSULVLQJWKDWFRQVLGHUHGSUREOHPPLJKWEHYHU\
VLPLODU IRUGLIIHUHQWSK\VLFDO YDULDEOHV VR HYHQZKHQ WHPSHUDWXUH VLJQDOV DUH LQYHVWLJDWHG LWPLJKWEHZRUWK\ WR
ORRNIRUVROXWLRQVGHYHORSHGIRUYLEUDWLRQVLJQDOV
$QDWWHPSWRIKROLVWLFYLHZRQ LQGXVWULDOGDWDSURFHVVLQJ IRUFRQVLWLRQPRQLWRULQJDQGSHUIRUPDQFHHYDOXDWLRQ
ZDVSUHVHQWHGLQ>@ZKHUHPRQLWRULQJV\VWHPGHYHORSHGIRUVHOISURSHOOHGPLQLQJPDFKLQHVLQXQGHUJURXQGPLQH
ZDV SUHVHQWHG $V PHQWLRQHG HDUOLHU YDOLGDWLRQ RI WKH GDWD ZDV KLJKOLJKWHG ERWK IRU PLQLQJ DQG ZLQG HQHUJ\
DSSOLFDWLRQV>@6LJQDOVHJPHQWDWLRQIRULQGXVWULDOGDWDKDVEHHQGLVFXVVHGLQ>@ZKHUHWKHPHWKRGLQLWLDOO\
GHYHORSHG IRU RWKHU DSSOLFDWLRQV >@ KDV EHHQ H[WHQGHG DQG DSSOLHG WR URWDWLRQDO VSHHG SURFHVVLQJ LQ /+'
PDFKLQHV>@,QWKLVSDSHUVHJPHQWDWLRQLVUHTXLUHGWRH[WUDFWGDWDUHODWHGWRVLQJOHZHHNZLWKRXW6XQGD\EUHDN
1RZDGD\V PRQLWRULQJ V\VWHPV DOORZ DFTXLULQJ PDQ\ FKDQQHOV VLPXOWDQHRXVO\ 7KHVH GDWD PLJKW EH DOVR
WUDQVIRUPHG DQG SDUDPHWUL]HG VR FRQVHTXHQWO\ PXOWLGLPHQVLRQDO GDWD VHW VKRXOG EH DQDO\]HG 7KHUH DUH VRPH
LQWHUHVWLQJ SDSHUV IRFXVHG RQ WKLV VXEMHFW SXEOLVKHG E\ &HPSHO DQG UHFHQWO\ E\ =LPUR] 	%DUWNRZLDN >@
,QGLVSHQVDEOH FRQVHTXHQFH RI PXOWLGLPHQVLRQDO GDWD DFTXLVLWLRQ DQG SURFHVVLQJ LV UHGXQGDQF\ ,Q RWKHU ZRUGV
DFTXLUHG GDWD RU H[WUDFWHG SDUDPHWHUV DUH VRPHKRZ FRUUHODWHG WR HDFK RWKHU DQG VKDUH VLPLODU LQIRUPDWLRQ 7R
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UHGXFHFRPSXWDWLRQDOFRVWDQGFRPSOH[LW\RI WKHGLDJQRVWLF V\VWHPHVSHFLDOO\RQ WKHGHFLVLRQPDNLQJVWDJHRQH
FDQEHQHILWIURPWHFKQLTXHVIRFXVHGRQGLPHQWLRQDOLW\UHGXFWLRQ7KHUHDUHVHYHUDODSSURDFKHVRIYDULDEOHVHOHFWLRQ
RU GDWD WUDQVIRUPDWLRQ 3UREDEO\ WKH PRVW SRSXODU WHFKQLTXH LV 3ULQFLSDO &RPSRQHQW $QDO\VLV 'HHS VWXG\ RI
SUDFWLFDOGLDJQRVWLFVDSSOLFDWLRQVRIGDWDGLPHVLRQDOLW\UHGXFWLRQPLJKWEHIRXQGLQ>@
3UREDEO\WKHPRVWFULWLFDOLVVXHLQ&0V\VWHPVLVGHWHUPLQLQJWKHZDUQLQJDODUPWKUHVKROG>@7KHUHLVD
QHHGWRHVWDEOLVKLWIRUHYHU\PDFKLQHW\SHDQGPRUHRYHUHYHQIRUGLIIHUHQWFRQWH[WDPELHQWWHPSHUDWXUHORDGRI
WKHPDFKLQH RWKHU IDFWRUV DV YHQWLODWLRQ LQ XQGHUJURXQGPLQH ,QPDQ\ FDVHV WKHUH DUH QRJRRG FRQGLWLRQ EDG
FRQGLWLRQUHIHUHQFHVDYDLODEOH2QHRISRVVLEOHVROXWLRQV LV WR LGHQWLI\JRRGFRQGLWLRQDQGPRQLWRUYDULDWLRQIURP
WKLV VWDWH VRFDOOHG DQRPDO\ GHWHFWLRQ $OWHUQDWLYH DSSURDFKPLJKW EH WUDFNLQJ RI EHKDYLRU QRW RQO\ WKH H[DFW
YDOXH RI WKH GLDJQRVWLF IHDWXUH $V PHQWLRQHG PXOWLGLPHQVLRQDO GDWD DQDO\VLV PLJKW EH SURILWDEOH KHUH ± E\
VLPXOWDQHRXVDQDO\VLVRIPDQ\FKDQQHOVZHFDQQHJOHFWLQIOXHQFHRIDPELHQWWHPSHUDWXUHDQGRSHUDWLRQDOFRQWH[W
LWPLJKWEHFRQVLGHUHGDVH[DFWO\WKHVDPHLQRQHPLQLQJFRUULGRUDQGIRUWKHVDPHFRQYH\RU
2.2. Preprocessing: Outlier removing  
,QVWDWLVWLFVDQRXWOLHULVDQREVHUYDWLRQSRLQWWKDWLVGLVWDQWIURPRWKHUREVHUYDWLRQV$QRXWOLHUPD\RFFXUUGXH
WRYDULDELOLW\LQWKHPHDVXUHPHQWLWPD\LQGLFDWHH[SHULPHQWDOHUURURULWPD\EHDUHVXOWRIVSHFLILFSUHSURFHVVLQJ
HJORJDULWKPRIGDWDZLWKVRPHQHDU]HURYDOXHV,QWKHGDWDWHPSHUDWXUHWKDWZHDQDO\]HKHUHZHDOVRREVHUYHWKH
RXWOLHUVVHH)LJDQGWKXVLQWKHILUVWVWHSRIWKHDQDO\VLVZHKDYHWRUHPRYHWKHPIURPWKHWLPHVHULHV2XWOLHUV
UHPRYLQJLQWKLVFDVHLVDVLPSOHSURFHGXUH,WLVEDVHGRQILQGLQJQHJDWLYHYDOXHVRIWHPSHUDWXUHDQGUHSODFLQJWKHP
±IRUWKHVLPSOLFLW\±E\WKHSUHYLRXVVDPSOH)LJSUHVHQWVZHHNVGDWDDIWHURXWOLHUVUHPRYLQJ

)LJ6LJQDOVDIWHURXWOLHUVUHPRYLQJ
2.3. Preprocessing: Resampling – data are not uniformly sampled  
7KHDQDO\]HGGDWDDUHQRWXQLIRUPO\VDPSOHGWKXVLQWKHQH[WVWHSZHVKRXOGUHVDPSOHWKHYHFWRURIREVHUYDWLRQV
LQRUGHUWRDQDO\]HWKHWLPHVHULHV/HWXVPHQWLRQDWLPHVHULHVLVDVHTXHQFHRIGDWDSRLQWVW\SLFDOO\FRQVLVWLQJRI
VXFFHVVLYH PHDVXUHPHQWV PDGH RYHU D FHUWDLQ WLPH LQWHUYDO ,Q RUGHU WR UHVDPSOH WKH GDWD ZH XVH WKH OLQHDU
LQWHUSRODWLRQ ZKLFK LV D PHWKRG RI FXUYH ILWWLQJ XVLQJ OLQHDU SRO\QRPLDO /LQHDU LQWHUSRODWLRQ LV RIWHQ XVHG WR
DSSUR[LPDWHDYDOXHRIVRPHIXQFWLRQRUSURFHVVXVLQJWZRNQRZQYDOXHVRIWKDWIXQFWLRQDWQHLJKERULQJSRLQWV
7KHUHDUHDOVRRWKHUPHWKRGVRILQWHUSRODWLRQDSSOLFDEOHLQWKLVFDVHDOWKRXJKWKHOLQHDULQWHUSRODWLRQVHHPVWREH
WKHPRVWDSSURSULDWHRQH7KHLQWHUSRODWHGYDOXHVFDQQRWH[FHVVWKHQHLJKERULQJUHDOYDOXHV±LQVXFKDFDVHWKHGDWD
DFTXLVLWLRQV\VWHPZRXOGKDYHLQGLFDWHGVXFKVLJQLILFDQWWHPSHUDWXUHFKDQJH/LQHDULQWHUSRODWLRQLVDOVRFRQVLVWHQW
ZLWK DQRWKHU SK\VLFDO SURSHUW\ RI WKH FRQVLGHUHG GDWD ± UHODWLYHO\ VORZ YDULDWLRQV RI WHPSHUDWXUH LQ FRQVLGHUHG
PDFKLQHV
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
)LJ6LJQDOVDIWHUUHVDPSOLQJ
2.4. Segmentation – data reveal cyclic behavior  
5DZ VLJQDOV SUHVHQWHG LQ SUHYLRXV ILJXUHV UHYHDO VHDVRQDO EHKDYLRU %HWZHHQ VLJQLILFDQW IOXFWXDWLRQV IRU VRPH
SHULRGRIWLPHRQHZHHNWKHUHDUHDOVRVKRUWF\FOHVVHYHUDOF\FOHVSHUZHHNRIULVLQJDQGGURSSLQJWHPSHUDWXUH
,QRXURSLQLRQWKHUHLVDQHHGWRGLYLGHZKROHREVHUYDWLRQLQWRSLHFHVZLWKKRPRJHQRXVEHKDYLRU)URP)LJRQH
PLJKWHDVLO\QRWLFHF\FOHVRIGDWD:HGLYLGHGZKROHVLJQDOLQWRSLHFHVDQGDQDO\]HWKHILUVWRQHVSUHVHQWHGLQ
)LJDQG)LJ
2.5. Model and Decomposition of the signal 
%DVHGRQRXUREVHUYDWLRQZHSURSRVHDPRGHORIUDZVLJQDO6WWKDWFRXOGEHH[SUHVVHGDV

6W 3W)W1W                 

ZKHUHWKHIXQFWLRQ3WUHSUHVHQWVWKHGHWHUPLQLVWLFWUHQGJHQHUDOO\GHVFULEHGE\WKHSRO\QRPLDORIJLYHQRUGHU)W
LVDGHWHUPLQLVWLFSHULRGLFIXQFWLRQWKDWUHSUHVHQWVVHDVRQDOIOXFWXDWLRQVLQWKHGDWDZKLOH1WLVDUDQGRPSURFHVV
FDOOHGQRLVH7KHUHSUHVHQWDWLRQJLYHQLQHTXDWLRQFRUUHVSRQGVWRVRFDOOHG:ROG¶VGHFRPSRVLWLRQZKHUHWKH
PRGHO RI WKH VLJQDO DOVR FRQVLVWV RI WKUHH FRPSRQHQWV GHVFULEHG DERYH )URP GLDJQRVWLF SHUVSHFWLYH WKH PRVW
LPSRUWDQWLQIRUPDWLRQFRQWDLQWKHWUHQGFRPSRQHQW3W,WVKRXOGEHUHODWHGWRFKDQJHRIPDFKLQHFRQGLWLRQ

)LJ6LJQDOVDIWHUUHVDPSOLQJHDFKSORWUHSUHVHQWDOOFKDQQHOVUHDGLQJVWKURXJKRQHZHHN
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2.6. Detrending 
$VLWZLOOEHPHQWLRQHGHDUOLHU LWZDVIRXQG WKDWHDFKVHJPHQW LVFRQVWLWXWHGIURPWZRPDLQFRPSRQHQWVZLWK
GLIIHUHQWSURSHUWLHV7KHILUVWRQHFRPPRQO\XVHGLQGLDJQRVWLFVLVDWUHQGOLNHVLJQDO,WVWDQGVIRUVORZYDULDWLRQRI
WKHPDFKLQH WHPSHUDWXUH WKDW GHSHQGV RQ WLPH RI RSHUDWLRQ FRQGLWLRQ RI WKHPDFKLQH WHPSHUDWXUH LQ WKH JLYHQ
PLQLQJ FRUULGRU XQGHUJURXQG HWF 6HFRQG SURFHVV LV YHU\ GLIIHUHQW ,W LV UHODWHG WR UHODWLYHO\ KLJK IUHTXHQF\
IOXFWXDWLRQRI WHPSHUDWXUHDQG LWFRUUHVSRQGV WR WLPHYDU\LQJPDFKLQHRSHUDWLRQ7R LGHQWLI\DQGXQGHUVWDQGERWK
FRPSRQHQWV LW LV SURSRVHG WR GHFRPSRVH WKH VLJQDO LQWR GHWHUPLQLVWLF WUHQG DQG UHVLGXDO VLJQDO UHODWHG WR WKH
PHQWLRQHGIOXFWXDWLRQVZH LJQRUHQRLVHFRPSRQHQWKHUHGXH LWVYHU\VPDOOHQHUJ\6R LQ WKHQH[WVWHSIRUHDFK
VSHFLILHG VXEVLJQDOZH ILW D SRO\QRPLDOZKLFK UHSUHVHQWV WKH GHWHUPLQLVWLF WUHQG ,Q RUGHU WR ILW WKH SRO\QRPLDO
FRUUHVSRQGLQJ WR HDFK VXEVLJQDO ZH XVH WKH OHDVW VTXDUHV PHWKRG 'HQRWLQJ WKH VXEVLJQDO DV ଵܻǡ ଶܻǡ ǥ ǡ ௠ܻ WKH
FRHIILFLHQWVܽଵǡ ܽଶǡ ǥ ǡ ܽ௣RIWKHSRO\QRPLDORIRUGHU݌DUHFDOFXODWHGE\VROYLQJWKHIROORZLQJHTXDWLRQ
¦
 
 
m
i
ip raaa


 PLQDUJ            
ZKHUHULLVDUHVLGXXPFRUUHVSRQGLQJWRWKHREVHUYDWLRQLLHYDOXHGHILQHGDVIROORZV
miiaYr
p
j
j
jii 

  ¦
 
           
DQG
miiaif
p
j
j
j 

  ¦
 
            
LVWKHILWWHGSRO\QRPLDORIJLYHQRUGHUS/HWXVPHQWLRQWKDWWKHPLQLPXPLQHTXDWLRQLVWDNHQZLWKUHVSHFWWR
DOOFRHIILFLHQWVܽଵǡ ܽଶǡ ǥ ǡ ܽ௣WKDWEHORQJWRWKHUHDOQXPEHUVHW,QWKHDQDO\VLVSHUIRUPHGLQWKHQH[WVHFWLRQZHILW
WKHSRO\QRPLDOVRIRUGHUWRHDFKVXEVLJQDOIURPWKHUHDOWHPSHUDWXUHVLJQDOV
)LJ SUHVHQWV UDZ VLJQDOV DQG WKH WUHQG FRPSRQHQW $V LW FDQ EH VHHQ WUHQG VLJQDOV IROORZ ORZ IUHTXHQF\
YDULDWLRQRIWKHVLJQDO

)LJ5DZVLJQDOVZLWKWUHQGFRPSRQHQWEODFNOLQHV
2.7. Decision making on the basis of trend signals 
:HDVVXPHWKDWGLDJQRVWLFLQIRUPDWLRQLVFDUULHGE\ORZIUHTXHQF\WUHQGVLJQDOV,QWKLVVHFWLRQZHZLOOWU\WR
XQGHUVWDQG EHKDYLRU RI WUHQG VLJQDOV DQG DQDO\VH LI WKH DPSOLWXGH RI WUHQG VLJQDO FRXOG EH XVHG DV LQGLFDWRU RI
WHFKQLFDOFRQGLWLRQ
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
)LJ7UHQGVLJQDOVDQDO\VLVWRSSDQHOVDOOFKDQQHOVDQDO\VHGZLWKLQDVLQJOHZHHNERWWRPUDZHDFKFKDQQHODQDO\VHGVHSDUDWHO\IRUZKROH
LQYHVWLJDWHGSHULRG
)LJ  SUHVHQWV EHKDYLRU RI WUHQG VLJQDOV IRU HDFK FKDQQHO DQG IRU HDFKZHHN )URPZHHN RQHPLJKW HDVLO\
QRWLFHWKDWWHPSHUDWXUHIRU&KDQQHO%PDFKLQH%LVWKHVPDOOHVWDQG&KDQQHO$LVWKHODUJHVW$OOVLJQDOVIOXFWXDWH
DELWLQWKHVDPHZD\$QDO\VLVRIGDWDIRU:HHNEULQJVQRYHOYLHZ&KDQQHO%LVVWLOORQWKHVDPHOHYHOVLPLODUO\
WRFKDQQHO$KRZHYHUFKDQQHO&EHFRPHVQHDUO\ &KLJKHU ,WSRLQWVRXWFKDQJHRIFRQGLWLRQRIPDFKLQH&
$QDO\VLV RI ZHHN  SURYLGHV HYHQ PRUH ILQGLQJV 0DFKLQH & LV VWLOO PXFK ZDUPHU WKDQ  ZHHNV DJR DQG
DGGLWLRQDOO\ WHPSHUDWXUHRIPDFKLQH$EHFDPHKLJKHUDVZHOO%RWWRPSDQHOVVKRZWKHVDPHGDWDEXWHDFKSORWV
SUHVHQWV RQO\ RQH VLJQDO IRU ZHHNV ,W LV HYHQ EHWWHU YLVLEOH WKDWPDFKLQH$ FKDQJHG LWV FRQGLWLRQ LQZHHN 
PDFKLQH%LVVWLOOZRUNLQJSURSHUO\DQGPDFKLQH&FKDQJHGFRQGLWLRQGXULQJPLGRIZHHN,WVKRXOGEHVDLGWKDW
FKDQJH RI WHPSHUDWXUHPLJKW EH VWLOO ELDVHG E\ HQYLURQPHQWDO RU RSHUDWLRQDO IDFWRUV +RZHYHU E\ DQDO\VLV RI 
FKDQQHOVRQWKHVDPHGULYHVWDWLRQZHFDQLQYHVWLJDWHLIFKDQJHRIFRQGLWLRQLVUHODWHGWRFKDQJHRIFRQGLWLRQRUWR
RWKHUUHDVRQVDOOVLJQDOVVKRXOGEHKDYHLQWKHVDPHZD\
2.8. Identification of seasonality (weekly, daily seasons) 
$VPHQWLRQHGDVHDVRQDOEHKDYLRUPLJKWEHFOHDUO\YLVLEOHLQWKHUDZGDWD$IWHUUHVDPSOLQJRIUDZGDWDWRJHW
FRQVWDQWVDPSOLQJIUHTXHQF\RQHPLJKWXVHVSHFWUDODQDO\VLVWRLGHQWLI\GXUDWLRQRIF\FOHVIUHTXHQFLHV+RZHYHU
LWLVEHWWHUWRUHPRYHWUHQGEHIRUHVSHFWUDODQDO\VLVWRJHW]HURPHDQVLJQDOV,Q)LJVLJQDOVDIWHUWUHQGUHPRYDO
DUHSUHVHQWHG

)LJ5DZGDWDDIWHUWUHQGUHPRYDO
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,Q)LJSRZHU VSHFWUDOGHQVLW\ 36'RI WKHVH VLJQDOVDUHSUHVHQWHG6WUXFWXUHRI WKH VSHFWUXP LVQHDUO\ WKH
VDPH7KHUHDUHWKUHHPDLQFRPSRQHQWVUHODWHGWRWKUHHF\FOHVKKDQGK7KHVHF\FOHVFRUUHVSRQGWRF\FOLF
PLQLQJWHFKQRORJ\XVHGLQWKHFRQVLGHUHGPLQH


)LJ6SHFWUDRIUDZVLJQDOVDIWHUWUHQGUHPRYDO

7DEOH)UHTXHQFLHVDQGF\FOHVLGHQWLILFDWLRQ
1R )UHT 3HULRG>V@ 3HULRG>K@ FRPPHQW
    'DLO\F\FOH
    6KLIWF\FOH
    6KLIWF\FOH

&RQFOXVLRQ
,Q WKHSDSHUSUREOHPRI6&$'$ WHPSHUDWXUHGDWD DQDO\VLV LV SUHVHQWHG ,W LV KLJKOLJKWHG WKDW DSDUW IURPGDWD
DFTXLVLWLRQ V\VWHP WKHUH LV D VWURQJ QHHG WR XVH DXWRPDWLF GHFLVLRQ PDNLQJ DOJRULWKPV 7KHUH LV SURSRVDO RI
SURFHGXUHRISURFHVVLQJDQGDQDO\VLVRIPXOWLGLPHQVLRQDOWHPSHUDWXUHGDWD,WKDVEHHQGHYHORSHGDVGHGLFDWHGWRRO
IRUEHOW FRQYH\RUGULYHXQLWGLDJQRVWLFVSDUWLFXODUO\ IRUJHDUER[HVDQGSXOOH\VXVHG LQGULYHXQLWV7KHSURSRVHG
IUDPHZRUNDOORZV WRH[WUDFWGDWDGLDJQRVWLF LQIRUPDWLRQZKLFKSURYLGHVDQRSSRUWXQLW\RI WDNLQJ ULJKW DFWLRQV LQ
RUGHUWRSUHYHQWSRVVLEOHGDPDJHRIEHOWFRQYH\RUFRPSRQHQWV
$FNQRZOHGJHPHQWV
7KLVZRUNLVSDUWLDOO\VXSSRUWHGE\VWDWXWRU\JUDQW1R6-2EXFKRZVNLDQG*U]HJRU]ĩDN
5HIHUHQFHV
 <DQJ:/LWWOH&7DYQHU3-&RXUW5'DWDGULYHQWHFKQLTXHIRULQWHUSUHWLQJZLQGWXUELQHFRQGLWLRQPRQLWRULQJVLJQDOV
,(75HQHZDEOH3RZHU*HQHUDWLRQSS
 *XR3,QILHOG'<DQJ;:LQGWXUELQHJHQHUDWRUFRQGLWLRQPRQLWRULQJXVLQJWHPSHUDWXUHWUHQGDQDO\VLV,(((7UDQVDFWLRQV
RQ6XVWDLQDEOH(QHUJ\DUWQRSSGRL767(
 $VWROIL'&DVWHOODQL)7HU]L/)DXOWSUHYHQWLRQDQGGLDJQRVLVWKURXJK6&$'$WHPSHUDWXUHGDWDDQDO\VLVRIDQRQVKRUH
ZLQGIDUP'LDJQRVW\NDSS
 <DQJ:&RXUW5-LDQJ-:LQGWXUELQHFRQGLWLRQPRQLWRULQJE\WKHDSSURDFKRI6&$'$GDWDDQDO\VLV5HQHZDEOH(QHUJ\
SS
 :LONLQVRQ0'DUQHOO%9DQ'HOIW7+DUPDQ. &RPSDULVRQRIPHWKRGV IRUZLQG WXUELQH FRQGLWLRQPRQLWRULQJZLWK
6&$'$GDWD,(75HQHZDEOH3RZHU*HQHUDWLRQSS
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 (OLDVVRQ-.\XVDNRY50DUWLQVVRQ3((ULNVVRQ72HLHQ&$QLQWHUQHWRIWKLQJVDSSURDFKIRULQWHOOLJHQWPRQLWRULQJ
RI FRQYH\RU EHOW UROOHUV WK ,QWHUQDWLRQDO &RQIHUHQFH RQ &RQGLWLRQ0RQLWRULQJ DQG0DFKLQHU\ )DLOXUH 3UHYHQWLRQ 7HFKQRORJLHV
&0DQG0)37SS
 6DGKX3.&KDWWRSDGK\D\D6&KDWWHUMHH7.0LWWUD'.2QOLQHPRQLWRULQJDQGDFWXDWLRQIRUFXULQJRIUXEEHUFRQYH\RU
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